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Platinum(0)-Mediated CʹO Bond Activation of Ethers via SN2 
Mechanism  
Manuel A. Ortuño,a,b Nasarella A. Jasim,c Adrian C. Whitwood, Agustí Lledós,*a and Robin N. 
Perutz*c  
A computational study of the C(methyl) ?O bond activation of fluorinated aryl methyl ethers by a platinum(0) complex 
Pt(PCyp3)2 (Cyp = cyclopentyl) (N. A. Jasim, R. N. Perutz, B. Procacci and A. C. Whitwood, Chem. Commun., 2014, 50, 3914) 
demonstrates that the reaction proceeds via an SN2 mechanism. Nucleophilic attack on Pt(0) generates an ion pair 
consisting of a T-shaped platinum cation with an agostic interaction to a cyclopentyl group and a fluoroaryloxy anion. This 
ion-pair is converted to a 4-coordinate Pt(II) product trans-[PtMe(OArF)(PCyp3)2]. Structure-reactivity correlations are 
fully consistent with this mechanism. The Gibbs energy of activation is calculated to be substantially higher for aryl 
methyl ethers without fluorine substituents and higher still for alkyl methyl ethers. These conclusions are in accord with 
the experimental results. Further support was obtained in an experimental study of the reaction of Pt(PCy3)2 with 2,3,5,6-
tetrafluoro-4-allyloxypyridine yielding the salt of the Pt(K3-allyl) cation and the tetrafluoropyridinolate anion [Pt(PCy3)2(K3-
allyl)][OC5NF4]. The calculated activation energy for this reaction is significantly lower than for fluorinated methyl ethers. 
Introduction 
dŚĞ ĂĐƚŝǀĂƚŝŽŶ ŽĨ  “ŝŶĞƌƚ ? ďŽŶĚƐvia transition-metal mediated 
reactions is of great interest to access high-value chemicals 
using simple and inexpensive substrates. The activation of C ?O 
bonds in ethers holds promise for new synthetic pathways 
and, in the case of aromatic ethers, for biomass conversion.1 
Oxidative addition represents a standard class of activation 
process but can mask a host of different reaction 
mechanisms.2 
 Alkenyl and aryl ethers can be activated and used in a 
number of C ?O cleavage reactions, especially in cross-coupling 
reactions,3 ?6 and in catalytic hydrogenolysis.7 However, the C ?
O bond cleavage of alkyl ethers remains particularly 
challenging despite the seminal works by Ittel and Tolman8 and 
by Milstein.9 More recently, Paneque and Carmona10 and 
Goldman11 have reported the cleavage of C(sp3) ?O bonds of 
alkyl ethers via initial C ?H bond activation using Ir complexes. 
'ŽůĚŵĂŶ ?Ɛ ƐƚƵĚŝĞs demonstrated stoichiometric C ?O 
activation of fluorinated methyl ethers ArFO ?Me by reaction at 
Ir pincer complexes at 100 °C.11 He followed this investigation 
with catalytic conversion of ethers such as 3,5-Me2C6H3O-iPr to 
the corresponding phenol and alkene at 150 or 200 °C 
(dehydroaryloxylation).12 Intramolecular CO ?alkyl cleavage at 
Pd(0) and Pt(0) has also been reported briefly.13 Additionally, 
C(sp3) ?O bond activation reactions have been achieved using 
esters at Ir, Fe, and Pt complexes.11,14,15 
 Closely related to C ?O activation is the microscopic 
reverse, C ?O formation, reported by several authors.16 ?20  Of 
particular significance here, is the demonstration that the 
reductive elimination of a C(sp3) ?O bond of an ether from a 
Pd(II) complex occurs by reversible dissociation of aryloxide 
anion followed by irreversible nucleophilic attack of aryloxide 
on cationic complex without formation of a Pd(IV) 
intermediate.17c  
 In this paper we follow up the recent report by some of us 
(Perutz et al.) of the activation of C(methyl) ?O bonds of 
fluorinated arenes using Pt(PCyp3)2.
21 We demonstrated that 
this substrate reacts with ArFO ?Me to form trans-
[PtMe(OArF)(PCyp3)2] (Scheme 1). Notable features of these 
reactions were selectivity for cleavage of the O ?CH3 bond, an 
increased rate in THF compared to hexane, a negligible kinetic 
isotope effect for replacement of the OCH3 group by OCD3, a 
reduction in rate with fewer fluorine substituents, and the 
absence of reaction with anisole itself. The reaction proceeded 
at 60° C over 2 days in hexane with 1 equiv. of substrate 
(pentafluoroanisole or 4-methoxytetrafluoropyridine) but at 
room temperature with 10 equiv. substrate. We concluded 
that a phosphine-assisted mechanism was possible, but a 
nucleophilic attack mechanism via an ion-pair 
[PtMe(P(Cyp)3)2]
+[ArFO] ? was most likely considering the study 
of C ?O reductive elimination17c at Pd and evidence for 
analogous three-coordinate Pt cations.22,23 Here we make use 
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of the experience of the rest of our team (Ortuño and Lledós) 
in understanding three-coordinate platinum cations to 
investigate the mechanisms of these reactions by 
computational methods.23 ?25  
 
Scheme 1 C(methyl) ?O bond activation of fluorinated arenes at a Pt(0) centre. 
We demonstrate that the C(methyl) ?O activation does indeed 
proceed by an SN2 mechanism involving an ion-pair and 
support these conclusions with structure ?reactivity 
correlations. In addition, we report the reaction of Pt(PCy3)2 
with an allyl ether and show that the product is a salt 
analogous to the ion-pair above, thus supporting the SN2 
mechanism.  
Results and discussion 
Computational study of CʹO bond activation mechanism 
The C ?O bond activation mechanism for the representative 
reaction between Pt(PCyp3)2 1 and pentafluoroanisole b in THF 
(Scheme 2) has been investigated at the DFT level using the 
M06 functional (see Computational details). Two pathways 
have been explored, namely, concerted oxidative addition 
(OA) and bimolecular nucleophilic substitution (SN2).
26,27 Since 
no experimental evidence of Pt(I) dimers was found, we 
initially ruled out a single-electron transfer mechanism.28 All 
energies reported are Gibbs energies in THF in kcal molA?1 and 
are reported relative to the separated species 1 + b. 
 
Scheme 2 Proposed reaction mechanisms for the formation of 1b. 
 The computed Gibbs energy profile of the reaction 
between 1 and b is shown in Fig. 1. Initially, different 
interaction modes between the substrate b and the bis-ligated 
complex 1 have been considered. As expected for an electron-
rich Pt(0) centre, no stable ɻ1-O coordination modes are 
located; instead, the van der Waals complex 1·b is found at 4.9 
kcal molA?1. The angle P ?Pt ?P remains almost linear (171.6°), 
but the long Pt···HMe distance (2.929 Å) precludes its 
ĚĞƐĐƌŝƉƚŝŽŶ ĂƐ Ă ʍ-complex (Fig. 2a). The C(methyl) ?O bond 
distance is 1.438 Å, essentially equal to the value for the free 
substrate b (1.435 Å). A ɻ2-CC coordination mode via the aryl 
group, 1·b-CC, is found at higher energy (16.2 kcal molA?1), likely 
due to the strong distortion of the linear P ?Pt ?P arrangement 
(113.7°, Fig. 2a). This casts doubt on the assignment of the 
species as 1·b-CC that we observed on following the reaction 
with pentafluoranisole by NMR spectroscopy, as we suggested 
in ref 20. 
Starting from 1·b, two pathways for the C(methyl) ?O bond 
cleavage have been calculated. On the one hand, the 
concerted oxidative addition route (OA) involves an activation 
energy of 53.9 kcal molA?1 via TSOA1b, giving rise to the square-
planar Pt(II) product 1b at A?10.0 kcal molA?1. TSOA1b shows a 
three-membered Pt-C-O ring with a C(methyl)···O distance of 
2.012 Å (Fig. 2b). However, the transition state structure lies  
high in energy and this route is clearly inaccessible. Then, by 
analogy with Pd(0) chemistry, the feasibility of mono-
phosphine species has been computationally evaluated.29,30 
One phosphine ligand in 1 has been replaced by the substrate 
b which coordinates to Pt via ɻ1-O mode forming 1Lb. This 
intermediate is found at 33.6 kcal molA?1; since this energy is 
considerably higher than that for the mechanism described 
below, this route can also be ruled out. On the other hand, a 
nucleophilic substitution (SN2) transition state TSSN21b allows 
the reaction to proceed, demanding an energy only 27.4 kcal 
molA?1 above reactants. The SN2 nature is evident from the 
planar disposition of the C-methyl substituent, with the Pt(0) 
complex being the nucleophile and the C6F5O
A? anion the 
leaving group (Pt ?C ?O angle of 175.4°).31 The forming 
Pt···C(methyl) and breaking C(methyl)···O distances in TSSN21b 
are 2.497 Å (2.929 Å in 1·b) and 1.929 Å (1.438 Å in 1·b), 
respectively (Fig. 2b). The species directly formed from TSSN21b 
is the ion-pair 1b·OAr at 5.0 kcal molA?1 which presents a low-
coordinate Pt(II) centre,23 stabilised by a ɷ-agostic interaction 
with the Cyp group of the phosphine ligand. The Pt···Hag and 
Pt···Cag distances are 2.090 Å and 3.049 Å, respectively, similar 
to other agostic interactions.23
,32,33 No evidence of such agostic 
contact is found in TSSN21b, which shows Pt···Hag and Pt···Cag 
distances of 3.620 and 4.197 Å, respectively. The 
corresponding cationic complex 1b+ (formed by removing the 
C6F5O
A? anion from 1b·OAr) is located at 2.9 kcal molA?1 and 
preserves ƚŚĞɷ-agostic interaction (Pt···Hag = 2.067 Å, Pt···Cag = 
3.029 Å, Fig. 2c).34 An alternative conformer displaying a ɶ-
agostic interaction, ϭďA㴃?, is found at 6.0 kcal molA?1 with similar 
structural parameters (Pt···Hag = 2.207 Å, Pt···Cag = 3.063 Å, Fig. 
2c). Since the Gibbs energy difference between 1b+ and ϭďA㴃? is 
ca. 3 kcal molA?1, both ɶ- ĂŶĚɷ-agostic modes may be accessible 
in solution.23,25,33 Finally, the anion eventually reorganises to 
bind to the Pt centre yielding the neutral four-coordinate 
square-planar product 1b (Scheme 2, Table S1).  
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Fig. 1 Gibbs energy profile for the formation of 1b.  
 According to the SN2 mechanism, a vacant coordination 
site at Pt in 1b·OAr is readily produced after the C ?O bond 
breaking. Since THF may coordinate to low-coordinate Pt 
centres,23,25,35 the role of one molecule of THF stabilising the 
nascent vacancy has been evaluated. One molecule is explicitly 
included in both the reactant and the SN2 transition state 
structures, i.e., 1·THF and TSSN21b·THF (Fig. S1). The Pt···OTHF 
distances are 4.035 and 4.109 Å, respectively, and the 
corresponding Gibbs activation energy is 28.1 kcal molA?1, which 
shows no significant difference from the counterpart with THF 
absent (27.4 kcal molA?1 via 1 and TSSN21b). Thus, no active role 
can be unambiguously assigned to solvent molecules during 
the C ?O bond activation process. Interestingly, the reaction of 
1 with b can also be performed in hexane, although the half-
life of 1 was ca. 3 times shorter in THF than in hexane.21 
According to the previous calculations, that observation can be 
merely related to the higher dielectric constant of THF (ɸ A䄀 
7.426) with respect to hexane (ɸ A䄀  ? ? ? ? ?) which favours the 
charge separation via SN2 mechanism. 
 An alternative proposed previously involved a phosphine-
assisted mechanism as has been observed in the reaction of 
Pt(PCy3)2 with pentafluoropyridine.
21,36 The closest phosphorus 
in TSOA1b appears far away from the oxygen atom at 3.565 Å, 
thus precluding any significant interaction. Also, since we 
could not find a minimum structure for the complex 
[Pt(PCyp3)(ArO ?PCyp3)(Me)], this pathway has been ruled out. 
 Overall, the computational picture favours the bimolecular 
nucleophilic substitution over oxidative addition. This 
mechanism can also explain the lack of C(aryl) ?O bond 
activation since MeOA? is a poorer leaving group than ArOA?. 
 
 
 
Fig. 2 DFT-optimised structures of (a) reactants 1·b and 1·b-CC, (b) transition states TSOA1b and TSSN21b, and (c) agostic intermediates 1b+ and ϭďA㴃?. Distances in Å and angles in 
degrees. Gibbs energies in THF in kcal molA?1. 
CʹO bond activation of other substrates 
In this section we study the C ?O bond activation for different 
substrates (see below). According to the previous results, only 
the SN2 mechanism is considered. All Gibbs energies are 
reported in THF in kcal molA?1 and are related to the separated 
species 1 and substrate. 
 For the sake of comparison and further analysis, the SN2 
mechanism has been computed for different methoxy-based 
substrates as reported experimentally,21 i.e., a, e, f, and an 
(Scheme 3a). The van der Waals complexes 1·a, 1·e, 1·f and 
1·an are energetically similar to 1·b, in the range of 3 ?6 kcal 
molA?1. The corresponding transition states TSSN21a, TSSN21e, 
TSSN21f, and TSSN21an are found at 26.1, 27.9, 27.2, and 38.7 
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kcal molA?1, respectively; the products 1a, 1e, 1f, and 1an at 
A?13.8, A?9.2, A?7.0, and A?0.8 kcal molA?1, respectively (Table S1). 
This trend shows that the presence of fluorine atoms in the 
aryl group both decreases the activation free energy and 
stabilizes the final product. These results are in broad 
agreement with previous experiments, which showed a 
reaction with a, b, e and f whereas 1-an was not reactive.21 
However, the calculated barriers for b, e and f are not 
significantly different from one another, while the 
experimental order of reactivity was b > e > f.  
 
Scheme 3 Substrates under study and their corresponding Gibbs activation energies via 
SN2 mechanism (kcal mol
A?1). 
 To obtain better insight into the influence of the groups of 
the aryl moiety, the computational study has been extended to 
other substrates not reported experimentally (Scheme 3b). 
Initially, b has been modified by including the electron-
withdrawing group CF3 in para position, p-CF3-b. This change 
results in a Gibbs activation energy of 24.7 kcal molA?1, 1.4 kcal 
molA?1 lower than that for b. Analogously, an has been tuned 
with the electron-withdrawing groups CF3 and SO2Cl, p-CF3-an 
and p-SO2Cl-an, and the electron-donating group CH3, p-Me-
an. In comparison to an (38.7 kcal molA?1), the former electron-
withdrawing groups decrease the activation energy (32 ?36 
kcal molA?1) where the latter electron-donating group slightly 
increases it (39.2 kcal molA?1). Finally, the aryl moiety has been 
substituted by the alkyl groups, tBu and Me. Unsurprisingly, 
both of them display large Gibbs activation energies, ca. 52 
kcal molA?1, since alkoxy moieties are known to be poor leaving 
groups. The computed trend suggests that substrates with 
electron-withdrawing groups, i.e. capable of delocalising the 
incipient negative charge of the oxygen atom, are more 
suitable to undergo C ?O bond activation via the SN2 
mechanism. These results will be discussed in next section.  
 
Structureʹreactivity correlations 
Previous calculations have shown the major influence of the 
substituents of the aryl leaving group in the SN2 reaction 
mechanism (Scheme 3). In this section, correlations between 
structural parameters and Gibbs activation energies will be 
closely inspected for the previously computed methoxy ethers 
(x = a, b, e, f, an, p-CF3-b, p-CF3-an, p-SO2Cl-an, p-Me-an, 
t
Bu, 
Me; Scheme 3). 
 Fig. 3 plots the C···O vs. Pt···C distances of the transition 
state structures TSSN21x. The data were fitted by linear 
regression (R2 = 0.981) yielding a negative slope, meaning that 
short C···O distances correlate to longer Pt···C distances and 
vice versa. Such behaviour is fully consistent with the 
hyperbolic reaction coordinates set out by Bürgi and Dunitz.37 
 
Fig. 3 Plot of C···O vs. Pt···C distances of TSSN21x. Regression line in red. 
 Structure ?reactivity relationships are now inspected. Fig. 4 
plots Gibbs activation energy against C···O and Pt···C distances 
of TSSN21x. Moderate correlation coefficients are found for 
both parameters (R2 ca. 0.95), indicating that shorter C···O and 
longer Pt···C distances (i.e., reactant-like transition states) 
correlate with lower Gibbs activation energies. 
 
Fig. 4 Plots of Gibbs activation energies vs. (a) C···O and (b) Pt···C distances of TSSN21x. 
Regression lines in red. 
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 The nature of the leaving group is of great importance in 
SN2 reactions.
38 Here we focus on the ability of the RO groups 
to stabilise the incoming negative charge. The charge of the 
oxygen atom of the isolated anion ROA?, q(O), has been plotted 
against its corresponding activation free energy in Fig. 5. The 
overall distribution indicates that the lower the absolute value 
of q(O), the lower the Gibbs activation energy. In other words, 
the delocalisation of the negative charge of the oxygen over 
the group R facilitates the reaction. The poorer correlation 
coefficient for the linear regression (R2 = 0.881) compared to 
those in Fig. 3 and 4 may be related to the simplicity of q(O) as 
a global descriptor, since other important stereo-electronic 
contributions present in the transition states, including 
conformational diversity, cannot be fully captured. If the set of 
strong electron-deficient F-containing derivatives is removed 
(a, b, e, f, and p-CF3-b), a better fit is achieved (R
2 = 0.972, Fig. 
S2). 
 To sum up, good correlations between energies and 
distances in transition states were found for different leaving 
groups (Fig. 4). The simple and intuitive q(O) descriptor can 
also, be used to predict the reactivity of substrates (Fig. 5).  
 
 
Fig. 5 Plot of Gibbs activation energy vs. q(O) of TSSN21x. Regression line in red. 
Experimental and computational reactivity toward 2,3,5,6-
tetrafluoro-4-allyloxypyridine 
The study that we reported previously was fully consistent 
with a mechanism involving nucleophilic attack of Pt(PCyp3)2 at 
the C ?O bond of the fluorinated pyridine derivative or 
fluorinated benzene derivative.21 This conclusion has been 
vindicated by the computational results described in this 
paper. In order to find further experimental evidence, we 
decided to investigate a related allyloxy compound, 
anticipating that cleavage of an O-allyl bond should be more 
facile than cleavage of the O-methyl bond. The 4-substituted 
tetrafluoropyridine, 2,3,5,6-tetrafluoro-4-allyloxypyridine, was 
synthesised by slow addition of a THF solution of NaOCH2 ?
CH=CH2 to pentafluoropyridine. This method avoids formation 
of doubly substituted pyridines. The reaction of the resulting 
2,3,5,6-tetrafluoro-4-allyloxypyridine g (1 equiv.) with Pt(PCy3)2 
2 in hexane proceeded immediately at room temperature 
forming a colourless precipitate that was recrystallised from 
benzene/hexane to yield 2g. Notably, this reaction proceeds 
much faster than any of those described in ref 21. The 
molecular structure of 2g was determined by X-ray 
crystallography as the salt of tetrafluoropyridinolate 
[Pt(PCy3)2(K3-allyl)][OC5NF4] (Fig. 6). The bond lengths and 
angles of the [Pt(PCy3)2(K3-allyl)] cation are consistent with 
those in the crystal structure of the PF6
 ? salt recorded at room 
temperature, including the disorder in the allyl group.39 The 
tetrafluoropyridinolate anion exhibits a C ?O bond length of 
1.249 (3) Å which compares to the literature value of 1.292 (7) 
Å in the structure of [Et2NH2][C5NF4O] where the oxygen atom 
is hydrogen-bonded to two cations,40 1.280(2) Å in 
{[K(H2O)][C5NF4O]}n,
41 and 1.281 (2) when coordinated to 
palladium in Pd(CH3)(OC5NF4)(Me2NCH2CH2NMe2).
42 
 
Fig. 6 Molecular structure of [Pt(PCy3)2(K3-allyl)][OC5NF4] 2g. The allyl group is 
disordered over two positions, but only one is shown. Hydrogen atoms are omitted and 
anisotropic displacement parameters are shown as 50% ellipsoids. Principal bond 
lengths (Å) and angles (°): Cation Pt ?P(1) 2.3329(6), Pt ?P(2) 2.3309(6), Pt ?C(1) 
2.201(2), Pt ?C(2) 2.157(4), Pt ?C3 2.183(8), P(1) ?Pt ?P(2) 112.84(2), C(1) ?C(2) ?C(3) 
121.7(5), C(1) ?Pt ?C(3) 67.3(2); Anion C(42) ?O(1) 1.249(3), C(40) ?N(1) 1.316(4), 
C(44) ?N(1) 1.313(4). 
 The 1H, 31P, and 13C NMR spectra of CD2Cl2 solutions of 2g 
were fully consistent with literature spectra of [Pt(PCy3)2(K3-
allyl)]+, previously recorded as the PF6
 ? salt.43,44 In addition, we 
supported the assignment with 1H-31P and 1H-13C HMQC 
spectra, a 195Pt spectrum which showed a triplet at ɷ A?5285 
(J(PtP) 3804 Hz) and 1H-195Pt HMQC spectra. The 
tetrafluoropyridinolate anion exhibited two resonances in the 
19F NMR spectra and three resonances with 19F coupling in the 
13C NMR spectra (see Experimental section). It is significant 
that the complex is only slightly soluble in benzene unlike the 
neutral Pt complexes described in ref 21. There is no evidence 
for formation of a neutral complex in solution with 
coordinated tetrafluoropyridinolate as has been observed 
previously with a palladium complex.42 The activation of allyl 
ethers may be compared to the reactions of methyl allyl ether 
and diallyl ether at Fe centres to form allyl complexes.14 
 In line with previous calculations, we have computed the 
C(allyl) ?O bond activation of the 4-allyloxy-tetrafluoropyridine 
g using the derivative Pt(PCyp3)2 1.
45 First, the van der Waals 
complex 1·g is found at 5.1 kcal molA?1, which is similar to 1·b 
(4.9 kcal molA?1). The SN2 transition state TSSN21g is located at 
22.2 kcal molA?1 above reactants. The resulting ion-pair 1g·OAr 
at A?1.1 kcal molA?1 exhibits a ɻ1 mode for the allyl moiety. 
However, the allyl ligand can change its coordination mode 
from ɻ1 to ɻ3 to form the more stable species ϭŐ͛ͼKƌ located 
at A?12.7 kcal molA?1 (Fig. 7). The computed bond lengths and 
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angles are in good agreement with the experimental values. 
The calculated Gibbs activation energy is even lower than 
those for a or p-CF3-b in keeping with the allylic effect on SN2 
reactions. Recently this reduction in barrier has been 
attributed to electrostatic interactions in the transition state 
rather than S-conjugation.46  
 
Fig. 7 DFT-optimised structures of 1g·OAr and ϭŐ͛ͼKƌ. Distances in Å and angles in 
degrees. Gibbs energies in THF in kcal molA?1. 
Conclusions 
This computational study, when taken with the previously 
published experimental evidence, establishes that the reaction 
of Pt(PCyp3)2 with fluorinated aryl methyl ethers proceeds via 
nucleophilic attack of the platinum(0) complex on the ether 
generating a T-shaped cation with an agostic interaction with a 
cyclopentyl group. With the substrates examined previously, 
the OAr ? anion attacks to form the final four-coordinate Pt(II) 
product. The calculated Gibbs activation energies for the 
substrates considered experimentally are in the range 26-28 
kcal mol ?1. The calculated Gibbs activation energies for other 
substrates were all substantially higher with the exception of 
2,3,5,6-tetrafluoro-4-trifluoromethylanisole. The SN2 
mechanism was also supported by the correlation between 
C···O and Pt···C distances in the transition state. As expected, 
the Gibbs activation energy correlated with both the C···O and 
Pt···C distances in the transition state. There was a weaker 
correlation between Gibbs activation energies and the charge 
on oxygen of the leaving group. 
 Further support was obtained in an experimental study of 
the reaction of Pt(PCy3)2 with 2,3,5,6-tetrafluoro-4-
allyloxypyridine which yields the salt of the well-known Pt(K3-
allyl) cation and a pyridinolate anion [Pt(PCy3)2(K3-
allyl)][OC5NF4] which has been fully characterised. The reaction 
is considerably faster than that of Pt(PCyp3)2 with 
methoxytetrafluoropyridine. A computational study of this 
reaction using Pt(PCyp3)2 demonstrates that the activation 
energy for this nucleophilic attack of the 2,3,5,6-tetrafluoro-4-
allyloxypyridine is ca. 4 kcal mol ?1 lower than that for 2,3,5,6-
tetrafluoro-4-methoxypyridine, consistent with a significant 
allyl effect. 
 The conclusion that these C ?O activation reactions proceed 
via nucleophilic attack is fully consistent with previous studies 
on reductive elimination from related palladium complexes17c 
and on T-shaped platinum complexes.22 ?25 On the other hand, 
it differs from the reactions of fluorinated aryl methyl ethers at 
iridium pincer complexes that involve initial C ?H bond 
activation.11  
Computational details 
All calculations were performed at the DFT level47 using the 
M06 functional48 with an ultrafine grid49 as implemented in 
Gaussian09.50 This functional accounts for dispersion 
interactions and has a good performance on organometallic 
systems.51 The Pt atom was described by means of an effective 
core potential SDD for the inner electron and its associated 
double-ɺďĂƐŝƐƐĞƚ ĨŽƌƚŚĞŽƵƚĞƌones,52 complemented with a 
set of f-polarisation function.53 The 6-31G** basis set was used 
for the H, N, C, O, F, P, S, and Cl atoms.54 Diffuse functions 
were added for O, F, and Cl atoms.55 All intermediates and 
transition states were fully optimised in tetrahydrofuran 
ƐŽůƵƚŝŽŶ ?d,& ?ɸA䄀  ? ? ? ? ? ?ƵƐŝŶŐƚŚĞĐŽŶƚŝŶƵƵŵŵĞƚŚŽĚ^D ?56 
Transition states were identified by having one imaginary 
frequency in the Hessian matrix. It was confirmed that 
transition states connect with the corresponding 
intermediates by means of application of an eigenvector 
corresponding to the imaginary frequency and subsequent 
optimisation of the resulting structures. All energy values 
correspond to Gibbs energies in THF in kcal molA?1. Charges 
were computed using the CM5 model.57 
Experimental section 
General Procedures 
All operations were performed under an argon atmosphere, 
either on a high-vacuum line (10-4 mbar) using modified 
Schlenk techniques, on standard Schlenk (10-2 mbar) lines or in 
a glovebox. Solvents for general use (hexane, benzene) were of 
AR grade, dried by distillation over standard reagents, or with 
a solvent purification system, and stored under Ar in ampoules 
ĨŝƚƚĞĚǁŝƚŚzŽƵŶŐ ?ƐWd&ƐƚŽƉĐŽĐŬƐ ?ĞƵƚĞƌĂƚĞĚƐŽůǀĞŶƚƐǁĞƌ
dried by stirring over potassium, and were distilled under high 
vacuum into small ampoules with potassium mirrors.  
 Tricyclohexylphosphine was purchased from Strem. 
Pentafluoropyridine and allyl alcohol were purchased from 
Sigma-Aldrich. The NMR spectra were recorded on Bruker 
AMX500 spectrometers (1H 500.13, 31P 202.46, 19F 407.4, 13C 
125.75, 195Pt 107.52 MHz). The 1H NMR chemical shifts were 
referenced to residual C6D5H at ɷ 7.15. The 31P{1H} NMR 
spectra are reported downfield of an external solution of 
H3PO4 (85%). The 
19F NMR spectra were referenced to external 
C6F6 ĂƚɷA㸃? ? ? ? ? ?dŚĞ195Pt spectra were referenced relative to 
the absolute frequency of 86.024 MHz as ɷ 0. LIFDI mass 
spectra were measured on a Waters Micromass GCT Premier 
orthogonal time-of-flight instrument set to one scan per 
second with resolution power of 6000 fwhm and equipped 
with a LIFDI probe from LINDEN GmbH.58 Elemental analyses 
were performed by Elemental Microanalysis Ltd, Devon, UK. 
The complex Pt(PCy3)2 was synthesized by published 
methods.59 
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 Diffraction data for 1b were collected at 110 K on an 
ŐŝůĞŶƚ ^ƵƉĞƌEŽǀĂ ĚŝĨĨƌĂĐƚŽŵĞƚĞƌ ǁŝƚŚ DŽ<ɲ ƌĂĚŝĂƚŝŽŶ  ?ʄ= 
0.71073 Å). Data collection, unit cell determination and frame 
ŝŶƚĞŐƌĂƚŝŽŶ ǁĞƌĞ ĐĂƌƌŝĞĚ ŽƵƚ ǁŝƚŚ  “ƌǇƐĂůŝƐWƌŽ ? ? ďƐŽƌƉƚŝŽŶ
corrections were applied using crystal face-indexing and the 
ABSPACK absorption correction software within CrysalisPro. 
The structure was solved and refined using Olex260 
implementing SHELX algorithms.61 The allyl ligand was 
disordered and modelled in two positions with equal 
occupancy. The allylic hydrogens were located by difference 
map and allowed to refine. However, the terminal CH2 C-H 
bond lengths were restrained to be equal. 
 Empirical formula, C44H71F4NOP2Pt; Formula weight, 
963.04; T, 110.05(10) K; monoclinic, P21/n; a = 15.67024(20), b 
= 17.60500(17), c = 16.44506(19) Å, E = 110.4669(14)°; V = 
4250.39(9) Å3; Z = 4; Ucalc = 1.505 g cm-3; P = 3.428 mm-1; 
F(000) = 1976.0; crystal size 0.2442 × 0.1984 × 0.0915 mm3; 
radiation, MoKD ? ? ? ? ? ? ? ?Ŷŵ ? ?ɽ range, 6.014 to 60.06°; index 
ranges , - ? ?A?h A? ? ? ?- ? ?A?k A? ? ? ?- ? ?A䜀 l A䜀  ? ? ?ƌĞĨůŶƐĐŽůůĞĐƚĞĚ
21764; ind reflns 12386 [Rint = 0.0249, Rsigma = 0.0413]; 
data/restraints/parameters 12386/28/520; goodness-of-fit on 
F2 = 1.041; final R [I>=2V (I)], R1 = 0.0251, wR2 = 0.0508; final R 
[all data], R1 = 0.0346, wR2 = 0.0549; largest diff. peak/hole 
1.05/-0.73 e Å-3. 
Syntheses 
Synthesis of 2,3,5,6-tetrafluoro-4-allyloxypyridine. Sodium 
(0.4 g, 0.0174 mmol) was sliced and added to THF solution of 
allyl alcohol (1 g, 0.0172 mmol). The reaction was left for 2 h 
until all the sodium had reacted. The sodium oxyallyl was 
added dropwise to pentafluoropyridine (2 g, 0.0172 mmol) . at 
0° C. The mixture was stirred for a few minutes and then 
heated at 60 °C for 1 h. THF was removed under vacuum and 
the product was extracted with ether, then washed with water 
and brine. The ether layer was collected and dried over 
magnesium sulfate. The solution was filtered and ether was 
removed under vacuum to give the product as a colourless 
liquid.   
Mass spec: LIFDI, M+.  Calcd for C8H5F4NO  207.03 (100%) and 
208.03 (8%). Experimental isotope pattern: 207.03 (100%) and 
208.03 (18%).  
1H NMR (C6D6) G 5.48 (ddtt, 17.2, 10.4, 5.7, J(HF) 0.5 Hz, 1H, 
CH=CH2), 5.00 (d of app quartets, 17.4, 1.4 Hz, 1H CH=CHH), 
4.89 (d of app quartets, 10.4, 1.2 Hz), 1H, CH=CHH), 4.18 (d of 
app quintets, 5.8, 1.5 Hz, 2H). 
19F NMR (C6D6)G -91.4 (m, 2F) -158.8 (m, 2F). 
13C{1H} NMR (C6D6) G 73.8 (t, J(CF) 4.4 Hz, CH2), 119.1 (s, 
CH=CH2), 131.1 (t, J(CF) 1.1 Hz, CH=CH2), 134 (dm 
1
J(CF) 256 Hz, 
CF), 144.1 (dm 1J(CF)  240 Hz, CF), 146.1 (m, CO). 
 Synthesis of [Pt(PCy3)2(K3-allyl)][OC5NF4]. 2,3,5,6-
tetrafluoro-4-allyloxypyridine (3 mg, 0.0144 mmol) was added 
ŝŶƚŽĂ:zŽƵŶŐ ?ƐEDZƚƵďĞat room temperature containing a 
pale yellow hexane solution of Pt0(PCy3)2  (Cy = cyclohexyl) (10 
mg, 0.0132 mmol). A colourless precipitate formed 
immediately and was recrystallised from benzene/hexane to 
give colourless crystals of complex [Pt(PCy3)2(K3-
allyl)][OC5NF4]. 
Mass spec: LIFDI, M+  Calcd isotope pattern for C39H72P2Pt: 
795.47 (76%), 796.47 (100%), 797.47 (90%), 798.47 (20%), 
799.47 (2%), 800.47 (12%). Experimental isotope pattern: 
795.43 (71%), 796.43 (100%), 797.47 (86%), 798.45 (86%), 
799.44 (20%), 800.47 (8%) 
CHN analysis: Calcd. C 54.87, H 7.43, N 1.45; Found C 54.72, H 
7.37, N 1.49. 
1H NMR (CD2Cl2) ɷ 1.34  ? 1.9 (63 H, cyclohexyl), 2.34 (m, 3 H, 
cyclohexyl), 2.48 (m, 2 H, allyl Hanti), 4.38 (br, 2H allyl Hsyn), 4.89 
(m, 1H, allyl Hcentral).  
31P{1H} (CD2Cl2) ɷ 27.8 (s, J(PtP) = 3780 Hz).  
195Pt{1H} (CD2Cl2) ɷ A?5285 (t, J(PtP) 3804 Hz).  
19F (CD2Cl2) ɷ  ?104.4 (m, F ortho ƚŽE ? ?A㸃? ? ? ? ? ?ŵ ?&meta to N).  
13C{1H} (CD2Cl2)  ɷ 26.1 (s, cyclohexyl, CH2), 27.9 (m, cyclohexyl 
CH2), 30.5 (d J(CP) 10, 
1
J(PtC) 28 Hz, cyclohexyl CH2), 37.3 (b, 
cyclohexyl CH), 61.9 (ABX pattern with Pt satellites, |2J(PC)cis + 
2
J(PC)trans| 28.4 Hz, 
1
J(PtC) 17.4 Hz, allyl central C), 113.4 (t 
J(PC) 2.5, J(PtC) 17.4 Hz, allyl CH), ɷ 136.6 (dm, 1J(CF) = 239 Hz, 
C5NF4O
-), ɷ 145.5 (dm, 1J(CF) 229 Hz, C5NF4O-), ɷ 160.5 (t, 2J(CF) 
7 Hz, C5NF4O
-).  
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DFT calculations demonstrate that Pt(0) bis(phosphine) 
complexes react with ArF-O-Me via an SN2 mechanism to 
activate the O-CH3 bond; experimental support is provided by 
reaction of Pt(PCy3)2 with 2,3,5,6-tetrafluoro-4-allyloxypyridine 
to form an aryloxide salt of [Pt(K3-allyl)(PCy3)2]+. 
 
 
 
